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INTRODUCTION 

It has been recognized since the late 1940's that sweat 

contains most of the nutrients found in blood plasma, Among 

the nutrients found in sweat are the essential minerals, 

calcium, copper, iron, magnesium, manganese, sodiun, 

potassium and zinc, Although these minerals are recognized 

as components of sweat, the amounts lost cutaneously are 

still uncertain, 

some research has been done with adult subjects to 

quanitatively determine mineral loss of Ca, Na, and Fe but 

these data are confusing and inconsistent. Variations in 

techniques of collecting and analyzing sweat samples have 

resulted in a wide range of reported values, Data on the 

skin loss of the trace minerals, Gn, Mn, and Cu are scarce, 

The work that has been done with cutaneous mineral 

losses has been with adults and little research has been 

done with other age groups. Data are still missing as to 

the amounts of the essential minerals retained by the 

growing child. Because recommended daily allowances are 

based on balance study data, it is important for balance 

study data to include all possible routes of nutrient 

excretions. Results of experiments by Johnston et al. (17) 

indicate that the intake of calcium and iron should be 

increased to cover the skin losses of the average adult 

woman engaged in normal activity under conditions of average
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temperature and humidity. Other researchers found that 

cutaneous mineral excretions can affect mineral balances, 

Consolazio et al. (8) found that positive potassium balances 

were changed to negative values and iron balances were cut 

in half when sweat losses were included in calculating 

balances. Issaksson et al. (16) observed that positive Ca. 

balances were changed to zero or negative values when sweat 

losses were considered. 

Because of the paucity of data available on cutaneous 

mineral losses of children, this research project was 

designed to determine the amounts of Ca, Cu, Fe, Mg, Mn, K, 

Na, and 4n lost in forearm sweat thus providing information 

about cutaneous mineral losses in children. This research 

was planned to provide information to assist in the 

determination of mineral requirements,



REVIEW OF LITERATURE 

Nutrient Loss through the Skin 

Water is continually vaporized from the skin surface to 

maintain the homothermic condition of the body. Water lost 

in this manner is known as “insensible loss of water", When 

this continual vaporization is insufficient to rid the body 

of excess heat, then the sweat glands become activated to 

pump water to the skin surface to furthur increase heat 

loss. As water is lost through the skin, by either method, 

it carries with it certain nutrients. For this reason 

cutaneous nutrient excretions should not be ignored in 

balance studies or the nutrient requirements and allowances 

estimated from balance study data may be to low for optimal 

health, 

The amount of water and nutrients lost through the skin 

depends on the rate of perspiration which is influenced by: 

(1) environmental temperature; (2) work or activity; and 

(3) stress or tension. The sweat glands which regulate the 

rate of perspiration can be activated by heat, chemicals or 

nervous stimulation, Under conditions of high temperature 

and humidity where high sweat rates were required, Collins 

and Weiner (3) found that the sweat glands reached a limit 

of performance and then the sweat rate began to decrease, 

The rate of sweating also varies with the individual and his 

adaption to the environment and the area of the body (3, 27). 

3
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Comar and Bronner (5) reported that the solid content of 

sweat ranged from 0,3=-1,0% and about 50% of the solid 

content was inorganic, Although it is known that minerals 

are lost through the skin, information is still lacking as 

to what extent dermal nutrient losses affect mineral 

requirements and balance study data. 

Methods of Sweat Collection 

One reason that reliable information is not available 

on cutaneous mineral losses is that the area and method of 

collection varies among researchers, Collection techniques 

that have been used to obtain sweat samples include: (1) 

collecting sweat from various parts of the body by rubbing 

the edge of a beaker across the skin; (2) collecting sweat 

from the forearm in an impermeable glove or bag; and (3) 

collecting sweat from the whole body, The data collected 

by different methods vary. Because collections from the 

forearm are most convenient and because an impermeable bag 

helps prevent contamination, the arm-bag method is most 

frequently used to collect sweat samples, In the armebag 

method the minerals excreted from the forearm are used to 

extrapolate total body mineral loss. There is controversy, 

however, whether or not arm=<bag sweat is a reliable 

indicator of whole body sweat. Consolazio et al. (9) and 

Van Heyningen (25) reported that sweat collected from the 

forearm in an impermeable bag is more concentrated than
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sweat collected from other parts of the body. In the study 

by Consolazio et al, (9) the calcium excreted in the arm 

sweat was a reliable indicator of the calcium content of 

whole body sweat only if the total weight of sweat lost 

through the skin was greater than 16 g. If sweat loss was 

less than 16 g, the calcium content of whole body sweat was 

only 71-76% of the calcium content of arm sweat, Van 

Heyningen and Weiner (25) observed that chloride, urea, and 

lactate were higher in arm sweat than in whole body sweat, 

Issaksson et al. (16) found arm sweat to be a reliable 

indicator of total body sweat, There are other data 

available in support of both sides (6, 11, 18). 

Cutaneous Excretion of Iron 

Because Of the limited gastrointestinal absorption of 

iron, all possible means of excretion should be included in 

iron balance studies, Most of the iron lost through the 

skin is exfoliated cells (1), but small amounts are found 

in filtered cell-free sweat. Collins et al. (4) found that 

young adult men lost amounts of iron equivalent to 0,5% of 

their daily iron intake through the urine and equivalent to 

1.0% of their daily intake through cell-free sweat, 

Although the amounts lost are small, the data indicate that 

twice as much iron was lost through the skin as was lost 

through the urine, Furthur experiments on young adult men 

by Wheeler et al, (28) indicated that 3% of the absorbed



iron is excreted in the cell-free sweat and the amount is 

always greater than the urinary iron output. Collins et 

al, (4) found that his subjects lost approximately 0.2 ¢ 

of iron per day through the skin in a comfortable 

environment and about double this in a hot environment, 

Mitchell and Hamilton (20) also used young adult men to 

study iron loss through the skin and found a loss of 0,27 

ng/hr ina comfortable environment and approximately five 

times this amount, or 1.29 mg/hr, in a hot environment, 

In their study, sweat samples were collected by rubbing 

the rim of a beaker across the chest of the subjects which 

may have caused excessive exfoliation of dermal cells. 

Consolazio et al. (8) found the daily iron balances of 3 

healthy young men to be approximately cut in half when the 

sweat losses were considered in calculating the balance, 

Dermal iron loss data for age groups other than adult men 

are scarce, 

The data on iron intake and iron excretion through the 

skin is varied, Johnston et al. (17) found no evidence that 

increased intake of iron increased the amount excreted in 

the sweat, Hussain and Patwardham (15) found an increase in 

losses through the skin when iron therapy was given, 

Mitchell and Hamilton (20) also studied the effect of iron 

intake on the concentration of iron in sweat but did not 

establish any clear cut effect,



Cutaneous Excretion of Magnesium 

Some work has been done to determine the skin loss of 

magnesium in preadolescent girls. Ryan (22), using pre- 

adolescent girls consuming a constant intake of Mg, found 

a loss of about 20.4 ng/day through the skin. This was 

obtained using the whole body technique. Consolazio et al. 

(8) found the concentration of Mg in sweat to range from 

0.61-0.64 mg/100 ml of sweat lost in young adult men and 

that the Mg balances were not greatly affected by including 

sweat losses in the balance data. Results obtained by 

Mitchell and Hamilton (20) using young adult men found Mg 

in sweat to vary from 0.04 to 0.40 mg/100 ml of sweat, 

Cutaneous xcretion of Calcium 

Concentrations of calcium in sweat have been found to 

be great enough to be considered in determining Ca balances 

(7, 9, 17). Issaksson et al. (16) found that including the 

sweat losses of Ca affected Ca balances by changing positive 

values to zero or negative values. Because of the findings 

and conclusions of these and other researchers, the 

National Research Council now includes cutaneous Ca losses 

in establishing recommended daily allowances for adults 

(11). The data available on cutaneous loss of Ca in 

children are scarce and the allowances for the preadolescent 

group must, therefore, be extrapolated from adult values. 

Ryan (22), working in this laboratory, found an average



loss of 72.7 mg of calcium per day through the skin of pre- 

adolescent girls. Some investigators (7, 17) feel that the 

Ca loss through the skin could affect Ca requirements in 

areas where the climate is hot and intakes should be 

increased for people living in these areas. Walker and 

Richardson (26) investigated this possibility by studying 

the growth rate of 4ulu children from both a hot anda 

temperate climate. They found no difference in height and 

weight which they believed indicated that Ca intakes did 

not need to be increased to cover greater skin losses in hot 

climates, 

Cutaneous Excretion of Copper and Manganese 

Few data are available on the copper and manganese 

content of human sweat. Mitchell and Hamilton (20) 

reported that adult men lost approximately 5.8 mcg of Cu 

and 6.0 mcg of Mn per 100 ml of sweat. Their collections 

were made by rubbing the edge of a beaker over the skin of 

the subject while the subject was in an atmosphere of 

controlled temperature and humidity. 

Cutaneous Excretion of Potassium 

Although the data on cutaneous potassium losses are 

limited, it seems that skin losses could affect K balance 

data. Consolazio et al. (8) found that the K balances of 

three young men were positive when sweat losses were not
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included but negative when sweat losses were included, 

Collins et al. (4) also studied the cutaneous K loss of 

young men and found that about 10% of the normal K intake 

was lost through the skin, In the analysis of crude sweat 

samples acquired by the thermal stimulation of subjects, 

Seutter et al. (24) found K values to range from 5-59 m 

Eq/L. 

Cutaneous Excretion of Sodium 

It long has been realized that excessive sodium losses 

because of profuse sweating can affect the homeostatic 

condition of the body. Because Na has a higher concen- 

tration in sweat than other minerals it has been researched 

more thoroughly. Both increased environmental temperature 

and increased activity have been shown to increase Na loss 

through the skin, Collins et al. (4) found that six young 

men lost an average of 24 m Eq of Na per day ina 

comfortable environment and an average of 51 m Eq per day 

in a hot environment, Wheeler et al. (28) found that the 

sweat loss of Na of six adult men was equivalent to 6% of 

the intake during normal activity and twice this amount 

when activity was increased, The effect of sweat rate on 

Na excretion can be seen by comparing the experiments of 

Consolazio and Freyberg. Consolazio et al. (8) found 

losses of 0.601 g of Na/hr in men exposed to temperatures 

of 38 degrees centigrade, Under conditions where sweating
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was prevented, only 71 to 209 mg of Na were lost in two men 

during a twenty-four hour period (12). From these data it 

is evident that high temperature and humidity which induce 

profuse sweating can result in significant Na losses, 

Controversy still exists about the amounts of minerals 

lost through the skin and their effect on mineral balances, 

It is only through additional research that this controversy 

will be solved. Information on age groups other than adults 

is badly needed, Research dealing specifically with the 

cutaneous mineral loss of children is necessary to determine 

mineral retention in the growing child,



EXPERIMENTAL PROCEDURE 

Subjects 

The subjects were fifteen girls participating in a 

metabolic study conducted by the Department of Human 

Nutrition and Foods under a grant from the National 

Institute of Health, The ages of the subjects ranged 

between 7 years and 11 months and 9 years and 5 months with 

a mean age of 8 years and 7 months. Age, height, and 

weight for each subject at the beginning of the study are 

given in Table 1. Prior to the study all subjects were 

required to pass a physical examination to insure normal 

health and development. 

Subjects were housed in university dormitory facilities 

converted to a metabolic unit and were fed in a departmental 

diet kitchen, The subjects were given precisely weighed 

quantities of food and encouraged to consume all food. If 

for any reason all the food was not consumed, the uneaten 

portion was weighed and recorded. Supervision was provided 

at all times to insure compliance to the metabolic study. 

Procedure of the Metabolic Study 

The metabolic study began July 12, 1973, and ended 

August 15, 1973. This 55-day study was divided into four 

periods (Table 2), The first five days were an adjustment 

period and all subjects consumed approximately 30 g of 

11



Table l. 

Age, height, and weight of the subjects 
at the beginning of the study 

  

  

  

  

Age Weight Height 
Subject Year ~~ Month (kg) (cm) 

100 8 8 31.4 132.0 

101 9 39d 145.5 

102 8 25.8 13305 

103 7 11 25.6 128.5 

104 8 1 2h.l 128.0 

105 8 3 31.0 133.0 

106 9 3 26.6 > 139.0 

107 8 ? 23.0 125.5 

108 8 ? C54 123.5 

109 8 8 32.1 137 09 

L1O 8 10 32.8 133.0 

111 8 10 31.1 139.0 

112 8 h 2h.2 127 .0 

113 8 11 38.2 137.0 

114 7 11 ek k 126.5 

Mean 8 8 28.9 132.4 

  

  

le



Table 2. 

Cycle of rotation of subjects 
through experimental treatments 

  

  

  

Periods . Dates Dietary Treatment Subjects 

I July 12-14 A All 
Subjects 

Il July 15-24 A Group A 
B Group B 
C Group C 

III July 25= A Group © 
Aug. 3 B Group A 

C Group B 

IV Aug. 4-15 A Group B 
B Group © 
C Group A 

  

13
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protein daily. The following thirty days were divided into 

three-ten day diet periods, the experimental periods. 

The diet consisted of foods generally acceptable to 

the preadolescent age group. Nutrient content of the foods 

in the diet was determined from the Home and Garden Bulletin 

No. 72, U. S. Department of Agriculture, revised edition, 

1971. The diet consisted of natural foods and vitamin and 

mineral supplements s0 that the nutrient intake, with the 

exception of protein, met or exceeded the National Research 

Council's Recommended Dietary Allowances. Three different 

dietary treatments were given which varied in protein 

content (30, 60, or 90 g/day). Protein intake was varied 

because nitrogen balance was studied by other researchers 

during this experiment, Hach protein level contained three 

different menus labeled X, Y, and 4 and these menus were 

fed consecutively during each treatment in the following 

manner: X, Y, 4, X, ¥, 4, etc. The fifteen subjects were 

randomly divided into three groups (A, B, C) of five 

subjects each. Each group of subjects was randomly rotated 

through each treatment in such a manner that all three 

groups consumed each dietary treatment during the 

experimental periods. 

Temperature and humidity were not controlled, It was 

felt that data on nutrient excretions collected during 

normal atmospheric conditions would have more practical 

application than those collected under artificial
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conditions, Temperature and humidity were recorded and are 

summarized for days that arm sweat was collected (Table 3). 

Collection Procedures 

Daily food samples were taken for each menu and were 

composited for each period to be assayed for mineral and 

nitrogen content. Urine and feces were collected during 

the last five days of each experimental period for nitrogen 

determinations. Sweat collections for nitrogen determi- 

nations were made from the total body during the last two 

days of each diet period. Appendix A gives a brief 

description of the procedure used for whole body sweat 

collection and analysis. A detailed report of this part of 

the study will be reported separately (Paula Howat, Doctoral 

Dissertation, VPISU). Sweat collections for mineral 

analysis were made immediately following total body 

collections. 

Collections from the whole body were not feasible 

because of possible contamination from the environment, 

therefore, the impermeable bag was the method used to 

collect samples for mineral assay. An impermeable bag 

protected against environmental contamination and thus 

should give good results on mineral excretion through the 

skin. Each subject's arm was wiped off with a damp cloth 

which had been previously washed in acid and rinsed in ion 

free water to reduce mineral content, The arm was then



Table 3. 

Temperature and relative humidity 
on days of arm sweat collection 

  

  

Temperature Relative 

  

Period Date OF Humidity 

TI July 25 70.5 86.5% 

TII August 4 71.0 7h4h.2% 

IV August 15 67.5 81.0% 

  

16
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rinsed with 100 ml of a 0.005% polyethylene laural alcohol 

detergent and 200 ml of ion-free water. The forearm was 

then dried with a low mineral towel. A one-half gallon 

polyethylene freezer bag was placed on the arm and secured 

with a rubber band, Prior to being worn by the subject, the 

freezer bag was specially washed to reduce mineral content. 

The subject wore the bag for one hour, The bag was then 

removed and the subject's arm was washed with 100 ml of a 

0,005% laural alcohol detergent and a wash cloth, The arm 

was then rinsed with 200 ml of ion-free water and both the 

wash and rinse water was saved for analysis. The freezer 

bag, wash cloth and 100 ml of 0.05% nitric acid were added 

to the wash solution; the mixture was allowed to equilibrate 

during a five hour period, After equilibrium had been 

reached, a 250 ml sample was taken for mineral analysis, 

Samples for mineral determinations were filtered to remove 

organic contaminants, In addition to the forearm sweat 

collection from the subjects, five blank collection bags 

were also used, Blanks were prepared exactly the way as 

the samples except the plastic bags used in the blanks were 

not worn by subjects, The blanks were prepared by soaking 

a low mineral wash cloth and a plastic bag in a solution of 

100 ml of 0.005% laural alcohol detergent, 200 ml of ion- 

free water and 100 ml of 0.05% nitric acid. The blanks 

were also allowed to sit for at least five hours to reach
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equilibrium and were analysed exactly as the sweat samples. 

Treatment of Materials 

All towels and wash cloths used for arm sweat 

collections were treated to reduce mineral content, first 

they were washed in a dilute soap solution and then rinsed 

with tap water and dried. They were then soaked overnight: 

in ion-free water and then soaked overnight in a 0.05% 

nitric acid solution, Following the nitric acid soak they 

were soaked three times in ion-free water for a period of 

approximately 16 hours for each soaking. Between each 

soaking procedure excess water was extracted by wringing. 

Because of possible contamination from electric dryers or 

the atmosphere, the towels and wash cloths were not dried 

after soaking but were kept in plastic bags until used. 

The polyethylene freezer bags used for arm sweat 

collections were treated in the following manner: (1) 

rinsed with ion-free water and allowed to drip dry; (2) 

acid rinsed in a 50% nitric acid solution; and (3) rinsed 

four times with ion-free water. 

Nutrient Determinations 

The 250 ml sample taken for mineral analysis was 

filtered and then evaporated to dryness by the application 

of dry heat. The precipitate remaining after evaporation 

was wet ashed by the addition of concentrated nitric acid
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until all organic material was oxidized. After the organic 

material was oxidized, 3 ml of concentrated nitric acid and 

2 ml of concentrated perchloric acid were added to insure 

complete oxidation and were evaporated until a white 

percipitate was produced, The resulting percipitate was 

then dissolved in 2 ml of concentrated hydrochloric acid 

and hot water and brought up to a volume of 25 ml. The 

samples were then assayed on a Perkin Elmer Model 305 (Three 

Slot Burner Head) Atomic Absorption Spectrophotometer. Food 

composites for each period were also analyzed for mineral 

content. The procedure for this analysis will be presented 

separately (Andhal Raghaven, Masters Thesis, VPISU). 

Statistical Analysis of Data 

  

The results were analyzed using an analysis of variance 

with two variables of classification and repeated measure- 

ments. The statistical significance of dietary intakes and 

different experimental groups were investigated by using a 

5% significance level.



RESULTS AND DISCUSSION 

Mineral Intake 

The mean intake in mg/day of calcium, copper, iron, 

magnesium, manganese, sodium, potassium and zinc for the 

three dietary treatments are given in Table 4, These values 

represent the mean of all menus fed during each treatment 

for three periods, The intake values were found to 

determine the effect of intake on mineral excretion in the 

sweat, Cu, Fe, and Mn did not differ greatly between 

dietary treatments. 

Isffect of Intake on Excretion 

The average cutaneous mineral excretion from the fore= 

arm of three groups of subjects consuming various intakes of 

each mineral are given in Tables 5 - 7. Table 5 gives the 

average loss of Ca, Cu, and Mg in forearm sweat. Calcium 

excretion in forearm sweat from individual subjects ranged 

from 3.39-55.32 mceg/hr. These two values were found in two 

different subjects on dietary treatment A, The range of 

copper excretion for individual subjects was 0.04-0.66 mcg/ 

hr. One subject lost no detectable Mg in the forearm sweat, 

The highest Mg excreted for any subject was 7.98 mcg/hr. 

The excretion of 0,00 and 7.98 mcg/hr of Mg was excreted by 

the same subject (subject 103) on treatments C and A, 

respectively. This clearly shows the wide variation of 

20



Table 4, 

Mineral intake® during 
three dietary treatments 

  

  

Dietary Treatment 
  

  

Mineral A B C 

Calcium 1469.4 1315.6 1142.9 

Copper 1.1 1.0 1.2 

Iron 30.2 32.0 32.0 

Magnesium 172.3 276.8 286.6 

Manganese 3.0 2.5 265 

Potassium 2312.4 2969.2 2672.7 

Sodium 2182.7 3092.1 5294.2 

Zinc 4.2 8.2 9.7 
  

"Intake for each mineral is in mg/day
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excretion among individuals. The only possible explanation 

for the high excretion is that this collection was made at 

the first collection period, and nervous stimulation could 

have caused an increased sweat rate. In general, the 

excretions from all subjects were higher during this first 

collection period, The reason no Mg was excreted by subject 

103 on treatment C cannot be explained at this time, 

The average loss of manganese, potassium and sodium is 

given in Table 6, Manganese in the forearm sweat of 

individual subjects ranged from 0,005-0.074 mcg/hr. The 

range of potassium and sodium from individual subjects was 

9.78-62.51 mcg/hr and 9.95-57.9 mcg/hr, respectively. The 

lowest excretion of both sodium and potassium was for the 

same subject during the same treatment. Table 7 summarizes 

the available data on the cutaneous excretion of iron and 

Zinc, Some of the data for these two minerals are missing 

because of contamination during processing. The range of 

excretion from the available data for the fifteen subjects 

was 0.014-0.529 mcg/br for iron and 0,10-3.71 mcg/hr for 

zinc, There was no consistent trend of mineral excretion, 

No subject excreted consistently high or low levels of all 

minerals, 

When examining the results summarized in Tables 5 - 7, 

it is apparent that the standard deviations are large. This 

is not unusual and other researchers have also reported
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considerable variability between subjects (23, 8, 9). It is 

well documented that sweat rate differs between individuals 

and the area of the body on the same individual. Consolazio 

et al. (9) found that some of his adult male subjects did 

not sweat appreciably on the arms but their total body sweat 

volume was equivalent to other subjects. In the present 

study it was evident that some of the subjects sweated more 

than others. This was obvious by the varying amounts of 

moisture collected on the inside of the arm bag after it had 

been worn for one hour, This difference in sweat rate on 

the forearm could be one factor in the wide range of results 

found in this study. 

The mineral excretion in forearm sweat of three groups 

of subjects on three dietary treatments were analyzed using 

an analysis of variance. With a 5% significance level it 

was found that the dietary treatment or intake of the 

mineral had no affect on its excretion in the sweat. The 

difference in the excretion of Ca, Cu, Mg, Mn, Na, and K for 

three intakes of each mineral was not statistically 

significant. The intakes of Cu and Mn between treatment A, 

B, and C did not differ greatly and a difference in 

excretion because of intake was not expected for these 

minerals, Because of the missing data, an analysis of 

variance was not attempted with iron and zinc, The data for 

these two minerals showed no consistency in showing higher
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excretion during periods of higher intake. It would there=- 

fore seem probable that the dietary intake does not affect 

excretion of Fe and 2n in the sweat. 

Excretion at Three Different Times 

Because the mineral intake had no apparent effect on 

cutaneous excretion, the losses during each collection 

period were examined, The grouping of the subjects and the 

treatments were disregarded and the mean mineral excretion 

of all fifteen subjects for each collection was determined 

(Table 8). The lowest means for Cu, Mg, Mn, K and Na were 

reported during the second collection period, The data on 

zinc and iron from the second period are missing so it is 

not known whether or not they were lower for this period. 

The lower values during the second collection period could 

possibly be due to a change in activity. During collection 

periods 1 and 3 the subjects were allowed to participate in 

active play while wearing the arm bag. The subjects were 

allowed to play in the kindergarden facilities both indoors 

and out during the first and last collection periods, 

Because of bad weather, they were not able to participate 

in the same type activities during the second collection 

period, but were entertained quietly by watching television. 

This decrease in activity during the second period could 

have resulted in a reduced sweat rate and therefore lower 

mineral excretion during this period. A relationship
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between increased activity and increased dermal mineral 

excretion has been found by other researchers (7, 28). It 

is well known that the amount of water and other nutrients 

lost through the skin depends on the rate of sweating which 

is influenced by activity and environmental temperature. 

Environmental temperature (Table 3) differed only by 3° F. 

between the collection periods with the highest temperature 

of 91° ¥ reported during the second collection period, 

Relative humidity was lowest during the second collection 

period which could also be a factor causing lower excretion 

during period 2, Sweat rates could have been higher during 

periods 1 and 3 when relative humidity was higher, 

The means of Ca, Fe, Mg, Mn and Gn were higher during 

the first collection period. During this first period the 

subjects were unaware as to how sweat collections would be 

made, This nervous apprehension associated with a new and 

unfamiliar experience could have caused an increase in the 

sweat rate thus causing higher mineral excretions during 

this period. Nervous stimulation has been shown to increase 

sweat rate (5), 

Comparison to the Literature 

The results obtained using preadolescent girls in this 

study is compared to the results obtained by other 

researchers using adult subjects (Table 9). ‘The means of 

three collections from each of fifteen subjects for Ca, Cu,
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Mg, Mn Na, and K were found, The value for Fe and 4n are 

means of two collections from each of the fifteen subjects. 

The means and range of excretion found in this study are in 

the same magnitude as reported values, The range of Cu 

found in the present study was higher than the range 

reported in the literature, The only results on copper 

content of sweat were reported by Mitchell and Hamilton 

(20). Their experiments were done in the late 1940's and 

perhaps their method of copper detection was not as 

sensitive as present methods, This would account for the 

higher values found in the present experiment. The means 

of this study are within the range of results reported by 

Mitchell and Hamilton (20) for Ca, Mg, and Mn. The over~ 

all mean for iron excretion of the preadolescent girls 

(0,181 mg/L) is lower than the range of iron excretion 

found by Mitchell (20) but within the lower limits of the 

range found by Wheeler (28). In this study, sweat was 

collected from the forearm which would include only 

secretions from the eccrine glands, Other researchers (20, 

28, 17) collected sweat from the entire body which possibly 

contained a higher proportion of perspiration secreted by 

the apocrine glands, It is known that iron is present in 

the secretions from the apocrine glands and if secretions 

from the apocrine glands were included in this study, the 

values would have possibly been higher, It is also possible
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that less iron is excreted in the sweat of children than in 

the sweat of adults. Because children are in the growing 

state iron may be retained to meet growth requirements and 

less is excreted. Hussian (15) found that women suffering 

from hypochromic anaemia excreted less iron in sweat than 

normal women, Perhaps growing children who need iron for | 

growth retain more iron by excreting less through the skin 

than do adults who are not growing, 

sodium excretion was lower in this study than in 

others, Other researchers (24, 28) collected sweat samples 

while their subjects were exercising heavily or exposed to 

high environmental temperatures. Wheeler (28) found that 

the Na excreted in the sweat increased as activity increased 

but the Na excreted in the urine decreased. The total 

excretion of Na (sweat + urine) did not increase as activity 

increased. In the present study more Na could have been 

excreted in the urine resulting in less excretion in the 

sweat, 

The other researchers given in Table 9 (20, 24, 17, 28, 

10) worked with adults and sweat was collected by increasing 

environmental temperature or activity until sweating was 

induced, It would seem from the results obtained from the 

preadolescent girls in this study, that the cutaneous 

mineral excretion of Ca, Cu, Mg, Mn, and 4n in preadolescent 

girls under normal atmospheric conditions are equivalent to
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the amounts lost by adults, The dermal loss of Fe, Na and 

K in the sweat of these preadolescent girls was less than 

the amounts lost by adults.



SUMMARY AND CONCLUSIONS 

An experiment was carried out to determine the cutaneous 

mineral excretions of preadolescent girls. The influence of 

mineral intake on excretion in the sweat was also studied. 

Fifteen healthy preadolescent girls from the Blacksburg, 

Virginia region were the subjects for a metabolic study | 

beginning July 12, 1973, and ending August 15, 1973. The 

subjects were randomly divided into three groups and were 

given three different dietary treatments, The mineral intake 

was determined by analyzing a composite of all the menus for 

each treatment, 

sweat collections for mineral analysis were taken ina 

polyethylene freezer bag which covered the hand and forearm 

of the subjects, The bag was worn by the subject for one 

hour and then the arm and bag were rinsed with a laural 

alcohol detergent solution and ion free water. The rinse 

solution was filtered and a sample was taken for analysis. 

The sample was evaporated to dryness and then wet ashed. 

Mineral determinations were made on a Perkin Elmer Model 

305 (Three Slot Burner Head) Atomic Absorption Spectropho-= 

tometer. 

There was not significant correlation between dietary 

intake of Ca, Cu, Mg, Mn, K, or Na and their excretion in 

the forearm sweat. There was considerable variation in 

excretion of Ca, Cu, Fe, Mg, Mn, Na, K and 4n in the forearm 

34
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sweat among subjects and within the same subject at different 

times. 

The mean excretion from the fifteen preadolescent girls 

during three collection periods showed the following mineral 

excretion in the sweat: 1,09 mg % of Ca; 0.015 mg % of Cu; 

0.186 mg/L of Fe; 0.140 mg % of Mg; 3.6 mcg % of Mn; 1.22 m 

Eq/L of Na; 0.685 m Eq/L of K; and 0,087 mg % of Zn. These 

results are in accordance with those found by other 

researchers using adult subjects, 

It is suggested that additional studies with children 

be conducted to better understand the cutaneous mineral 

losses, More information is needed before the mineral 

retention of the growing child can be determined, Accurate 

methods of determining mineral loss from the entire body 

need to be found,
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Whole Body Sweat Collection and Analysis 
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“Whole Body Sweat Collections and Nitrogen Determinations 

Sweat collections from the whole body were made during 

the last two days of the experimental period by the following 

procedure: 

First Day of Sweat Collections 

Bach subject was bathed (including hair) in 4 L of a 

0.005% laural alcohol detergent solution and 3 L of tap 

water, This water was discarded. Following the bathing, 

the subjects were dressed in nitrogen free absorbant 

clothing. 

Second Day 

The absorbant clothing was removed and each subject was 

bathed a second time with 4 L of detergent solution and 3 L 

of water. This water was saved and to it was added the 

clothes worn the preceding day. Following the second bath, 

the subjects were dressed in a second set of nitrogen free 

clothing, 

Third Day (First Day of Next Period) 

The second set of clothing was removed and the subjects 

were bathed a third time by the same procedure as baths one 

and two. The second set of clothing was added to this bath 

water, The bed sheets used by the subjects during the 

collection were also collected and were soaked by the same 

method as the clothing, 
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The clothing and sheets were soaked in an acidified 

solution until equilibrium had been reached. A 500 mil 

aliquot was then removed, filtered and evaporated to approx= 

imately 50 ml. Nitrogen determinations were made on this 

concentrated 50 ml sample using the Kjeldahl-Gunning-Arnold 

method with selenium and copper catalysts.
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CUTANEOUS MINERAL LOSS 

IN PREADOLESCENT GIRLS 

by 

Coleen Hogston Walls 
(ABSTRACT) 

The excretion of Ca, Cu, Fe, Mg, Mn, Na, K and Zn in the 

sweat of 7-10 year old girls living in southwest Virginia was 

investigated, Sweat samples were collected in an arm bag 

which covered the hand and forearm of the subject, The 

samples were wet ashed and assayed on an Atomic Absorption 

spectrophotometer, 

No significant correlation was found between mineral 

intake and excretion in the forearm sweat, There was no 

apparent relationship between the environmental temperature 

and the excretion of minerals in the sweat. There were great 

variations in mineral excretion among subjects. Calcium 

excretion ranged from 3.39-35.32 mcg/hr. Copper and 

magnesium excretion in the forearm sweat ranged from 0,04= 

0.66 mceg/hr and 0,00-7.98 mcg/hr, respectively. The range 

of excretion for the other minerals studied was: 0,005-—= 

0.074 mcg/hr of Mn; 9.78-62.51 meg/hr of K; 9.95=-57.9 mcg/ 

hr of Na; 0,014-0.529 mcg/hr of Fe; and 0.10-4.71 mcg/hr of 

Zn. Reasons for discrepancies between these results and 

those reported in the literature are discussed. Suggestions 

for furthur research on the cutaneous mineral excretion of 

the preadolescent age group are recommended,


